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The objective of the experiment is to provide more reliable and accurate information than 
is presently available on the cross section for the reaction 7Be(p,y)8B. This cross section 
is of fundamental importance for the physics of the sun and for solving the so-called 
"solar neutrino puzzle" [1-8]. Even though this reaction has been studied many times, 
doubts persist about the accuracy of the results due, in part, to the large discrepancies 
between apparently similar experiments. This cross,section is usually characterized by a 
parameter Sn(0). A purely statistical average of all measurements to date yields 
Si7(0)=0.0224(21) [1] and consequently [7] a high energy solar neutrino capture rate of 
8(3) SNU (1 SNU=10'36 v captures/target-atom-sec) is predicted. This value is about 3 
times the measured value of 2.2(0.2) SNU [8]. These measurements have recently come 
under renewed scrutiny following the solar neutrino measurements of the GALLEX 
collaboration using 71Ga(ve,e')71Ge (see e.g. refs. 3-7 and references therein). The 
GALLEX experiment has a much lower v energy threshold and is therefore sensitive to a 
much larger fraction of the solar neutrino flux, namely to neutrinos from the most basic 
p+p reaction in the sun. The neutrino flux measured at GALLEX is also short of the 
predicted value, leaving the discrepancy at high neutrino energies still an open issue. The 
whole subject of fusion reactions in the sun and solar neutrinos has recently been 
discussed in great detail at a workshop in Seattle and at the Fourth International Solar 
Neutrino Conference, Heidelberg. The 7Be(p,y)8B is considered to be of utmost 
importance in understanding these issues.
It is therefore most desirable to settle the question of the 7Be(p,y)8B cross section in a 
definitive manner via an inherently different experiment than the previous ones, and this 
is the aim of the present proposal. Most experimental work will take place at the 3MV 
Van-De-Graaff accelerator at the Weizmann Institute, including production and 
manufacturing of a “conventional” radioactive target and the actual cross section 
measurements, both for the 7Be case and also for the 7Li(d,p)8Li reaction. The 
production of the novel radioactive 7Be target by direct implantation of the radioactive 
nuclei into a thin foil will be taking place at the ISOLDE (CERN) laboratory.
A letter of intent on this subject was submitted to ISOLDE previously (ISC/110). 
Implanted Target
The target for all previous experiments had to be prepared from the radioactive 
7Be(Ti/2=53 days). This was done by a rather difficult chemical procedure and as a result 
the characteristics of the final targets (purity, homogeneity and target thickness) were not 
well defined. Consequently, the target problem is generally perceived to be one of the 
weak links in the cross section determination for the 7Be(p,y)8B reaction. We want to 
produce 7Be targets by implanting a thin film with 7Be ions. This is an entirely new 
approach concerning 7Be target preparation but the method itself has already been 
pioneered at ISOLDE for the preparation of 22Na targets [9]. Such an ion implanted 
target will have the following advantages over those previously used: i) much improved 
homogeneity, ii) accurate knowledge of the number of 7Be ions, iii) a shallow, accurately 
known depth distribution of the 7B ions and iv) a very small target thickness, which may 
allow a -a  coincidence experiments, if needed, and also provided a better definition of 
the energy at which the measurement takes place. The use of such a target, together with 
other improvements of the measuring technique, as described below, will make it 
possible to overcome the difficulties encountered in previous experiments in which 
conventional targets were used.
Be has been found previously in off-line measurements to be readily released from 
graphite and tantalum target materials which is a necessary condition for making 
radioactive ion beams of Be. A u Be beam of 2-104 atoms/(s-pA) has been observed to 
emerge on-line from a 122g/cm2 tantalum target irradiated with 910 MeV 3He beam 
combined with a hot plasma discharge ion source. Judging from the cross section of the 
reaction this corresponds to an ion source efficiency of only 0.0001-0.001%. In off-line 
measurements with a hot plasma ion source and a more uniform target heating 
efficiencies of 0.01% were achieved. The losses were found to be due to exchange 
reactions with the stable BeO present in the ion source as anode insulator. The 
production rate of 7Be in a graphite target of 20 g/cm2 at the 1 GeV BOOSTER proton- 
beam is about 7-1010 atoms/(s-pA) . With the present ion source it would result in an ion 
beam intensity of 7-106 atoms/(s-pA).
Most recent results from ISOLDE demonstrated an increase of up to 104 in the yield of 
Be ions using a laser ion source as compared to a surface ionization ion source. Such 
increase has also been observed for other elements like Ag. A successful ion source 
development program could possibly raise the efficiency to 5-10%. Hence, with these 
improvements and a possible longer graphite target, a 7Be beam of -5-109 atoms/(s-pA) 
and more could be expected. We need approximately MO15 Be atoms in the target 
matrix which, with a beam intensity of 5-109 atoms/(s-pA) would require about 6 shifts of 
implantation for the production of one target.
Plan of Research
The research is divided into three separate stages:
• Establishment of optimum target conditions.
We have completed several tests in order to establish some of the main features 
which are necessary conditions to the present project. In particular we tested the 
performance of thin metallic foils under conditions of high current (and current 
density) which are foreseen for the later stages of the measurements.
For this purpose we have used the 3 MV Van-de-Graaff accelerator at the 
accelerator laboratory of the Weizmann Institute. A beam of 4 pA of protons at 
E(p)=l MeV, corresponding to the range of energies at which the eventual 
experiment will be carried out, passed through a 4 mm collimator and impinged on 
a 600 pg/cm2 of Cu. The energy loss of a 1 MeV p beam in the foil is 
approximately 70 keV; for a 4 pA beam this corresponds to 28 W which is a 
considerable heat input. The Cu target was mounted on a Cu frame using heat- 
conducting silver paint in order to minimize excessive heating of the foil. The 
target+collimator assembly were mounted in a chamber at relatively high vacuum 
of 10‘6 torr. (Considerably higher vacuum can be obtained at later stages if it will 
prove to be necessary). After few hours of bombardment there was no visible 
damage to the foil, indicating the suitability of such foils for the present purpose.
It is interesting to note that we have tested also Ni foils under similar conditions 
but they proved to be brittle at such beam intensities, presumably due to much 
inferior heat conduction of Ni vs. Cu.
Making use of the 300 keV ion implantation machine at the Technion in Haifa, 
which is one of the few machines of this type in the world which can handle Be, we 
have implanted stable 9Be into different target matrices at energies which will be 
available at ISOLDE (if necessary, by utilizing the High Voltage Platform). These 
samples have been irradiated with the same 4 pA proton beam at E(p)=l MeV as 
above. Implantation profile and sample homogeneity have been investigated before 
and after proton bombardment using Secondary Ion Mass Spectroscopy (SIMS).
The results demonstrate virtually no change in the profile of the implanted Be after 
the p-beam bombardment as compared to the profile prior to it.
We are also examining implantation into a thick Pt foil, which will not allow a 
coincidence measurement but will have advantages of sturdiness in beam 
bombardment and better definition of the solid angle at the required close 
geometry.
• Ion source development and target production.
The efficient yield of the implantation is determined by the ionization of the 
released Be from the ISOLDE target. The plasma ion sources cannot be used as 
has been pointed out above. Recently there has been a development of a special 
ionization scheme with a frequency tripled dye laser-copper vapor laser system 
which has been optimized at ISOLDE to a Yield of 1% [10]. With this laser ion 
source the production of the 7Be beam is now on a firm ground.
• Measurement of the cross section.
The measurement of the cross section follows previous experiments in the general 
technique, but with additional advantages inherit in the implanted target as 
compared to the radio-chemical target and several new features.
Briefly, the measured reaction follows the path of:
7Be(p, y)8B (x~ls) -» 8Be -» 2a
The delayed emission of the a ’s allows an off-beam detection, which is crucial as 
the cross section is small and the target very thin. One of the important ideas is of 
having the beam larger than the target instead of vice versa as is usual.
2 mm diameter target n(t)
Raster-scanned beam
In this manner, the yield Y is proportional to:
Y=a-5n(b)/8S-n(t)
and does not depend on target homogeneity. 5n(b)/5S-n(t) is the beam density, 
made homogeneous by a raster-beam device.
“Conventional target”
In the interim period till an ISODLE implanted target will become available, we are 
planning to produce a radioactive 7Be target by bombarding a 7Li target with 2.4 MeV 
protons from the Van-de-Graaff accelerator and extracting the 7Be products of the (p,n) 
reaction by chemical means. The radiochemistry work is being carried out in 
collaboration with the group of Dr. Z. Carpas of the Nuclear Research Center, Negev.
Results of the 7Li(d,p)8Li reaction
The 7Li(d,p)8Li cross section is an important quantity to re-measure for astrophysical 
reasons and it also served in the past to calibrate results from 7Be(p,y)8B experiment. 
These points were emphasized at a recent Seattle workshop. The nucleus 8Li decays in a 
very similar fashion to 8B:
7Li(d,p)8Li(x~ls) -» 8Be -> 2a
and hence the measurement of this cross section serves as an excellent test of the whole 
experimental setup and concept. At the time of writing this proposal we are completing 
this measurement and the preliminary results show good agreement with the previous 
values. Our goal, however, is to obtain an absolute cross section determination with an 
error of ~3-4%.
Summary
The experiment we propose will yield a significant improvement in the determination of 
this cross section which is an important element in the "solar neutrino puzzle".
Consultation with Prof. Claus Rolfs
At the recent Solar Neutrino Conference we had occasion to discuss with Prof. Rolfs our 
respective experiments and their possible interrelation. We all agreed that the two 
experiments are fundamentally different and have nothing in common other than the use 
of an ISOLDE 7Be beam.
We also note that the two experiments are expected to evolve along very different 
schedules: our own can be carried out at short notice at an existing facility, whereas the 
more elaborate experiment of Prof. Rolfs will of necessity require time to mature.
Beam-Time Request
The amount of beam time depends naturally on the actual rate of 7Be ions. With the 
numbers we quoted above of 5-109 atoms/(s-pA) we need 6 shifts for one target. As we 
would require two targets, we ask for a total of 12 shifts. These shifts do not necessary 
have to be scheduled at the same time.
We may use the normal implantation beam-line or, if the need arises, use the HV 
platform for more energetic implantation.
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